Abstract Bovilla Lake is a reservoir constructed 12 years ago for supplying the city of Tirana (Albania) mainly with drinking water. It has a surface area of 4.6 km 2 , a maximum depth of originally 60 m and is monomictic with a stratification period from early spring to end of October. The lake is oligotrophic with low nutrient concentrations (e.g. SRP in spring about 8 μg L −1 ) and minor oxygen depletion in the hypolimnion during thermal stagnation. The lake is highly turbid due to severe particle import by several rivers during rain periods. This led to a massive deposition of sediments, lifting the maximum depth to 45 m in 2008. Furthermore, the photic zone reached hardly more than 10 m. Algal species diversity is high; however, diatoms from the genus Cyclotella
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Introduction
Water is essential for all life. It represents a basic human right and worldwide an important component of an effective policy for health protection as well as a development issue at a local, national and international level. In the Mediterranean climate with a regime of dry and warm weather during the summer months and moderate precipitation during late autumn, winter and early spring, reservoirs are important during summer to supply sufficient drinking water and water for irrigation in agriculture. The quality of the reservoir water depends on the nutrient level, chemical characteristics and the particle load of the input rivers and the activities of benthic and pelagic organisms within the lake itself. Many factors influence the quality of the water in the reservoir directly or indirectly, such as climate, soil structure, vegetation, land slope, lake morphometry, water level fluctuations and human activities in the catchment area. The present study describes the limnological properties of Bovilla Lake, a recently built reservoir for the drinking water supply of Tirana.
Tirana, the capital of Albania, is a town with an extreme rapid population increase. While it counted about 250,000 inhabitants in 1990, the population increased to 350,000 in 2001 and officially to 600,000 in 2008 600,000 in (INSTAT 2010 . Today, the population is estimated to be over 850,000 inhabitants. Up to the end of the last century, the drinking water of Tirana originated from springs and groundwater (min. 1.2 m 3 s −1 , max. 2.3 m 3 s −1 ), which was collected in tanks located at different sites around the city with a total capacity of about 67,600 m 3 (Table 1 ). In 1997, the water supply in Tirana was in an alarming situation; the distribution system allowed water availability in households for only a few hours per day. Furthermore, in certain parts of the town, it was contaminated with fecal coliforms. Water loss in the distribution net reached up to 40% and several water-borne diseases have been reported (Palombi et al. 2001 ). In summer 2006, over 250 Hepatitis B cases were reported. In addition, overchlorination of the water resulted in a broad range of halogenated compounds (Floqi 2007) .
To overcome an increasing shortage of drinking water described above, the Bovilla reservoir was planned. The construction of the dam started in 1988, and the work was completed after several interruptions in 1996 (Gjata 1997) . The dam was placed in a steep and narrow gorge of Terkuza River (Fig. 1a) , situated about 15 km North-East of Tirana city (Fig. 1b) . The water reservoir was filled in 1998, and in 1999, the water from Bovilla Reservoir started to be used as the main drinking water source for the city of Tirana. Ti ra na T ir a n a
The Bovilla Reservoir is one of the largest hydro-technical constructions in Albania. The surface area of the reservoir is 4.6 km 2 ; its average depth 18 m. The calculated maximal depth after the impoundment was 60 m, but it did not extend to more than 45 m during our study. The maximal capacity is about 80 × 10 6 m 3 when the surface level is at 318 m a.s.l. The drainage area of the Bovilla Reservoir covers approximately 98 km 2 and provides the lake with an average water inflow of 3.3 m 3 s −1 . The main river Terkuza delivers a total discharge of about 50 × 10 6 m 3 year −1
(equal 1.6 m 3 s −1 ). Eroded slopes in this mountainous area are quite common; after rainfall the rivers bring masses of fine material into the lake, leading to a rapid increase of the sediment volume. In contrast to many dammed reservoirs, Bovilla Lake is not canyon shaped and its theoretical water residence time is about 1 year.
There are no important point source discharges and no significant non-point sources delivering pollutants into the lake. The watershed is covered with forests and agricultural land and only a few villages are within the catchment area.
The Bovilla catchment area belongs to the hilly Mediterranean climate, with heavy precipitations (pluriannual average of 1,200-1,300 mm year −1 ) mainly during the end of winter and end of autumn (Kabo 1990-91) . During 2006 to 2008, the period of the present investigation, the total rainfall was distinctly higher in the years 2006 and 2007, amounting for about 2,027 and 1,740 mm, respectively, while in 2008, it was close to the longtime average with 1,154 mm.
Shortly after the impoundment in autumn 2001, an earthy unpleasant smell and taste appeared in the drinking water. However, up to now, the exact source of it stays still unknown. Such smell and taste phenomena are well known worldwide in many lakes (Jüttner and Watson 2007; Schulz and Dickschat 2007) . To eliminate the nuisance, expensive adsorption steps with active carbon had to be included in the treatment of the water.
It is the goal of every lake management to maintain the high quality of the water used for drinking purpose. This, however, is not so important for the water used for irrigation. It is often observed that newly built reservoirs become rapidly eutrophic after the impoundment due to the input of nutrients from nutrient-rich soils in the catchment and from the decomposition of organic material left in the lake, with the consequences of increased algal growth, loss of oxygen in the hypolimnion, emergence of undesirable smell, taste and color, loss of reservoir volume due to a high silt load and high costs for the treatment of the drinking water.
The goal of the present study was (1) to describe for the first time the hydrography and the limnology of the Bovilla Reservoir, (2) to determine the limiting factors for biomass production and (3) to define those lake parameters which correlate with or might be responsible for the outbreak of the undesired smell and taste phenomenon and which could act as a first warning system to control the costly elimination process in the treatment plant. The presented work has been achieved by several independent scientific groups of Albania in cooperation with scientists from Switzerland. The detailed analytical data have been reported and discussed separately in Albanian by each participating group (Miho et al. 2009a, b) .
Materials and methods
Water was collected bimonthly between May 2006 and September 2008 at 1, 3, 5, 10, 15, 20, 30 and 40 m depth using a Ruttner 2-L bottle. Samples were taken for the first year at three sites (S1, S2, S3, Fig. 1a) , later only at the site of the greatest depth (S1), as the data on water chemistry at the three stations were nearly identical. The differences in the profiles of temperature, oxygen concentration and turbidity between the three sites were checked by the Kruskal-Wallis test and found except for few erratic single months to be not significantly different.
Access to the lake was troublesome on an unpaved mountain road. The following physicochemical parameters were analyzed using standard procedures (Miho et al. 2009a, b) The phytoplankton and the zooplankton were qualitatively and quantitatively characterized (cells or individuals mL −1 ) (Utermöhl 1958) , using an inverted microscope Zeiss Axiovert 25; the microbiology concerned the quantification of total coli, fecal coli and fecal streptococci, using membrane filtering (0.45 μm) and cultivation techniques (APHA 1988; EU directive 75/440) . A detailed description of the methods is given in Miho et al. (2009a, b) .
Results

Hydrology
As in many reservoirs for drinking water or power generation, the water level in Bovilla strongly oscillates over the season; during the study period 2006-2008, the oscillation of the water level amounted for up to 7 m (Fig. 2 ). The maximum level was observed during the rain period (February-April), due to the excess hydraulic loading from the watershed. The minimum appeared at late summer to autumn (OctoberNovember) as the result of the scarce rainfall in the region and the excessive use of water for drinking and irrigation purposes. The year 2007 had extraordinary rain events in May which did not reflect in the lake level. It must be kept in mind, that the precipitation records come from Dajti Mountain situated about 5 km SE from Bovilla and outside of its catchment area (Fig. 1b) . Monthly water consumptions were quite constant over the seasons, as water for irrigation in agriculture is withdrawn from the lake parallel to the water treatment plant. There is a significant negative linear relation between the amount of water taken from the lake and its level. In dammed reservoirs heavy rainfall may often induce a higher flushing of the reservoir bed and influence the biological lake system; the ratio of lake volume to input by the tributaries suggests that Bovilla is in a hydraulic steady state equilibrium. Changes in the water level in a reservoir may influence the water quality, and it must be taken into consideration for a proper management of the water resource. However, in a V-shaped basin as in Bovilla Lake, the volume development D v (Hutchinson 1957) is small, thus water quality is barely influenced by surface level depression and the ratio between sediment surface and water volume changes not considerably (see Miho et al. 2009a, b, Figs. 1, 2, 3, 4, 5, and 6) . Therefore the influence of the sediment on the water body does not increase significantly.
Physicochemical and chemical characterization of Bovilla Reservoir
The Bovilla Reservoir is a temperate monomictic lake (Wetzel 2001) , as demonstrated by the temperature profiles ( • C (18/1/2008) within the whole water column. The yearly cycle from stratification to mixis in the Bovilla Reservoir is also reflected in the water profiles of the oxygen concentrations. During summer stratification, the oxygen concentration in the hypolimnion (40 m) dropped to 6 mg L −1 while the epilimnion occasionally became slightly oversaturated (up to 11 mg L −1 at 1 and 3 m depth), due to photosynthetic processes (Fig. 3b) . The limited oxygen loss in the hypolimnion and the small oversaturation indicates a mainly oligotrophic situation. Photosynthesis in the epilimnion and the degradation of organic compounds in deeper layers were also reflected in the dynamics of the pH; while in the epilimnion, pH values up to 8.5 were observed, the values near the sediment dropped to 7.5 in late summer (not shown). These pH ranges are much larger in mesotrophic and even much more pronounced in eutrophic lakes.
Conductivity stayed around 300 μS cm −1 at the beginning of the mixing period in early winter and increased subsequently in the still fully mixed water column to 330 μS cm −1 , probably due to a massive input of ion rich water by the rivers in the rain period (see supplementary material, Fig. 2 ). Photosynthetic production during the summer months resulted in a drop of conductivity from 320 to 276 and 295 μS cm −1 at 5 m depth in September 2006 and 2007, respectively, as a consequence of biogenic decalcification (first described in detail by Minder 1923; Wetzel 2001) . Over the whole period, a trend towards increasing values and smaller summer depressions is indicated.
Secchi depth, an indicator of suspended particles in the surface near layers, oscillated between 1.3 and 3.2 m with the lowest value in November 2007 (see supplementary material, Fig. 1 ). At that time a several weeks long heavy rainfall period (Fig. 2) increased the amount of TSS in the rivers by erosion processes leading to high turbidities in the lake water and a reduced Secchi depth.
However, for accidental short rain events like the strong rainfall as in May 2007, the bimonthly sampling regime does not give sufficient resolution. The relationship between the turbidity and TSS in the lake profile and the turbidity measured at the inlet of the water treatment plant (WTP) with daily resolution is described later in more detail.
Nutrients
As evidenced from the oxygen dynamics during the summer stratification (Fig. 3b) , the Bovilla Reservoir is an oligotrophic water body. This is confirmed by the concentrations of the main macronutrients, phosphorus and nitrogen.
Soluble reactive phosphorus (SRP) concentrations oscillated between 2 and 8 μg L −1 (Fig. 4a) , with higher values mainly in winter and lower values in spring, indicating its consumption by growing phytoplankton biomass. Over the 2 years, a slightly decreasing tendency is visible, suggesting that part of the nutrient load may originate from decaying organic material and the soil submersed 10 years ago after the construction of the dam. We assume that almost no change had occurred in (Fig. 4b) . This indicates an N-input by the tributaries and/or the release of organic N from the sediment and its subsequent nitrification.
Nitrite concentrations stayed at values below 3 μg L −1 , and increased slightly during the mixing periods, but these concentrations had no influence on the N-budget of the lake (not shown).
Ammonium-N concentrations were practically identical in the whole water column during the mixing periods (approximately 30 μg L −1 ), while the values varied significantly during stratification, similar to the other nutrients ( Fig. 4c ; minima between 10-20 μg L −1 ). In summer 2007, higher values were observed not only in the bottom water where the oxygen concentration had dropped by about 50%, but also at 5 to 10 m depth probably due to rapid decay processes of biomass within the thermocline.
Photosynthetic pigments
The chlorophyll a concentration stays at low values of 2 μg L −1 for most parts of the year. In both years a single maximum in summer-early fall with values of up to 12 μg L −1 is reached (Fig. 3c ). Typically the highest chlorophyll concentrations in summer were found at the highest algal densities in 10 m depth (Fig. 6) .
Phytoplankton
In total, about 150 taxa of microscopic algae were determined within the phytoplankton of the Bovilla Reservoir during 2006 to 2008 (see supplementary material, Table 1 ); however, only a few species contributed to the major part of the algal biomass (Table 2) . Centric diatoms (Bacillariophyta, Centrales) from the genus Cyclotella were the most frequent, mainly Cyclotella commensis; these amounted for most of the year to more than 90% of the plankton cells. Among the other groups, the Cryptomonads were the most abundant, represented by species of Cryptomonas and Rhodomonas. Although the data from 1998 to 2002 are incomplete, as samples were taken occasionally only from surface water and then counted using a Sedwick-Rafter chamber of 1 mL, the same centric diatoms were dominant already in 2001. In contrast, a single sample from 1998 had a completely different species composition with a massive presence of the Dinoflagellate Ceratium hirundinella and equal numbers of the pennate diatoms Navicula sp. and Rhopalodia sp. (Bacillariophyta, Pennales; see supplementary material, Fig. 3 ). At that time, the lake had reached the present shoreline and was just completely filled.
When the cell numbers are integrated over the full water column, the succession shows the extremely strong dominance of Cyclotella sp. for 2006 and 2007, while in January 2008, Cryptomonas and Rhodomonas surprisingly outcompeted the total number of the diatoms by a factor of up to 20. As the biovolume of the Cryptophyceae is estimated to be about 100 times greater than the one of the Cyclotella, the difference in the biovolume-related biomass becomes extreme; thus, the biovolume of Cyclotella dropped to 0.3%. March 2008 showed the two groups in equal numbers but Cyclotella still amounted only for 3.4% of the biovolume. In the following fall, the sum of Cyclotella reached again up to 3,000 cells mL −1 , resulting in 30 to 50 times more cells than the Cryptophyceae which, however, still contributed to about 70% of the total biomass (Fig. 5a, b) .
Zooplankton covered Rotatoria with dominating species of Keratella and Polyarthra, Cladocera with species of Bosmina and Copepoda with Cyclops and Nauplius and Copepodit stages. Copepods dominated with up to 450 individuals per liter in the water column from 0 to 20 m most of the year over Cladocers with maximum numbers in July-September, while the number of rotifers only reached 70 individuals per liter between 0 to 20 m each year in May and three to 15 individuals per litre during the rest of the year (Fig. 5c ). High numbers were found when the phytoplankton was rich in Cryptophyceae and low presence of Cyclotella.
The vertical distribution of the main phytoplankton groups differed through the year. This is illustrated for the seasons in Fig. 6 .
Although the physicochemical data indicated a full circulation in winter the phytoplankton was stratified and only few cells were found below 20 m depth (Fig. 6b) . Effects of wind on the water surface seemed temporarily minimal; this allowed developing vertical inhomogeneities. At this time, Cyclotella sp. was situated at 10 m depth but at only low numbers compared to spring and summer, while the Chrysophyceae, mainly Dinobryon sp., formed a broad layer between the surface and 20 m depth with 10 times greater cell concentration compared to Cyclotella, similar to the spring situation in Lake Zürich (Bleiker and Schanz 1989) . In mid-summer (Fig. 6a) , Cyclotella sp. was still stratified at 10 m depth, but its concentration had increased about 100 times. The Cryptophyceae remained close to the surface, but were now much decreased in numbers. Towards fall (Fig. 6c ) Cyclotella sp. was found closer towards the surface with similar high numbers as in summer, while the Cryptophyceae shifted to 15 m depth with lower numbers than in summer. Occasionally the Dinophyceae with mainly species of Peridinium were present in higher numbers. Peaks of high algal density at depths of more than 5 m might be clouds of sedimenting cells, they might be still alive and contain chlorophyll, but at the prevailing light intensity their photosynthetic activity would be insignificant (Sommer 1984a) . While no statistically sound differences were found in the depth profiles between the three sampling sites for the physicochemical parameters, the cell concentrations per area of Cyclotella sp. (cells cm −2 water surface) between surface and 10 m depth clearly differed. During summer to fall 2006 site 2 (S2) showed much lower values than the other sites. This might be because site 2 is situated close to the main tributary Terkuza, where the input of water and nutrients is strongly limited during the dry season (see supplementary material, Fig. 4 ).
Turbidity and suspended particles in the lake
The Secchi depth (see supplementary material, Fig. 1 ) is low in spite of a rather small biomass, due to the massive amount of suspended material brought in by the rivers. The number of particles reached up to 10 6 mL −1 and their average size was about 0.4 μm (Bachofen 2009 ). Algal cells recognized as autofluorescent particles by flow cytometry (due to chlorophyll fluorescence) amounted of 0.6% to 1.3% of the total of particles. Thus, a high input of suspended inorganic solids by the tributaries is the cause of the massive turbidity and diminished Secchi depth. This poses a great concern for the use of the Bovilla water for drinking purpose. In early winter and spring, heavy rainfall events usually change the inflowing rivers and brooks into torrents loaded with high amounts of suspended material which are brought into the lake (Figs. 7 and 8) . This led to a pronounced turbidity peak in November 2007 even at the site near the dam, with increasing turbidity and total suspended solids values towards the lake Not astonishing, there is a highly significant linear correlation between TSS and turbidity (R 2 = 0.87, see supplementary material, Fig. 5 ). As the turbidity is dependent on the properties of the particles, the close relationship confirms the homogeneous particle size distribution and material as indicated by the flow cytometry data. According to (Lewis et al. 2002 ) the slope of the regression line seems to vary widely between different aquatic systems, mainly depending on the origin of the particles and their size. Also, the Secchi depth data show a time course opposite to the turbidity, Jan 08
Sep 07
Mar 08
May 08
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with a linear negative correlation (R 2 = 0.73; not shown).
TSS plotted against the bimonthly sum of rainfall results also in a quasi linear dependence. However, as erosion during long rain periods is not proportional to particle transport, a hysteresis is observed (Fig. 9) .
The hysteresis indicates that the water entering the lake at the beginning of the wet season is heavily loaded with material from erosion (November) but later with lasting heavy precipitation the TSS drops to low values reaching again in March values which are typical for the dry season.
Rain events occur mostly accidentally and are usually of short length; as a consequence turbidity at the site of the dam changes much slower and retarded. Data from the WTP which extracts the water near the dam at depths of 8 to 12 m below the lake surface indicate that heavy precipitation measured at the nearby Mount Dajti is seldom clearly mirrored in the turbidity at the lower end of the lake, opposite to the inlet of the main affluent Terkuza.
For example, November 13th of the year 2007 experienced a short but heavy rain event with a precipitation of 80 mm. Turbidity at the inlet to the WTP increased drastically 2 days later, indicating that the rain covered a large part of the catchment area. Interestingly following rain peaks (November 25th to 30th) had no effect at all on the water turbidity, suggesting that these events were more local around Dajti Mountain and did not occur within the catchment area of the lake. In contrast, high turbidities occurred at other times when no rain events were recorded at Dajti Mountain. Therefore, these measurements can not be used for explaining turbidity events in the Bovilla reservoir in most cases.
Discussion
Bovilla Reservoir has been constructed to assure the drinking water supply of the fast growing capital of Albania, Tirana. As presented in this paper, Bovilla Reservoir is an oligotrophic to slightly mesotrophic aquatic system and judged on the water chemistry to be suitable as a drinking water source. Nutrient concentrations are low and biomass production is small based on the nutrient balance. This led to small oxygen production in the epilimnion and little depletion in the hypolimnion (above all in the layers close to the sediment surface) during the summer stagnation period. However, there are two important issues for the quality of the water for drinking water purpose as well as for the limnology of the lake: The high content of inorganic material transported into the lake by the main tributaries, especially by the Terkuza River and the occasional presence of undesirable smell and taste of the water (Cullaj and Bachofen 2009 ). Identification of these nuisance compounds and their sources has not been achieved so far.
Turbidity
It has been shown before that many Albanian rivers originating in the mountainous part of the country carry high amounts of suspended solids (TSS), up to 500 mg L −1 (e.g. Shkumbini, Miho et al. 2005) . TSS numbers especially for Terkuza River are not available. However, in the lake, values of more than 10 mg L −1 were found near the lake sediment. Larger particles will sediment in the Northern part of the lake near the inflow of Terkuza, but as demonstrated by the Secchi depth, the turbidity and the concentration of TSS, fine particles remain in the water column during their transport from the inlet to the dam and finally end up in the WTP (Fig. 8) . The input of solid materials into the lake has led within 10 years to an important reduction of the lake volume, the depth at site S1 raised from originally about 60 m to around 45 m. The sediment at site S1 is white and of fine clay consistency. For comparison, colloidal particles have been studied in alpine lakes in Switzerland. In Lake Brienz, turbidity covered values between 0.7 and 5.6 FTU and the TSS amounted for 3.5 to 4.7 mg L −1 with particles of a size similar to Bovilla Filiella 2007, 2008) . Up to 97% of the particles brought in by the main river Aare are deposited by settling in the lake. With a high turbidity similar to Bovilla the euphotic depth, z eu , reached 7 m (z eu , = the depth at 1% of the subsurface light intensity).
The measurement of the turbidity in a water sample is an approximation of the amount of suspended material and less laborious than the estimation of TSS. The relationship depends on several factors including the size and shape of the particles and their density. Turbidity is a standard tool in stream sampling programs, but it is also useful for estimating TSS in lakes, particularly in reservoirs, since the lifetime of a reservoir depends upon how fast the main basin behind the dam is filled with inflowing sediments from the tributary streams. In many mid-European lakes (e.g. Lake Zürich, Lake Neuchâtel), the major source of turbidity is the phytoplankton, while only at the estuary of rivers, clay and silt particles from erosion and organic detritus become important. For Terkuza and many other rivers in Albania, the rising flow rates during heavy rain periods increase the amount of particles in the water. This will modify light penetration, cause the lake to fill faster, and show great impacts on the lake biology. Reduced light penetration diminishes algal and macrophyte growth and thus alters the food web. While algal turbidity varies seasonally and with depth, inorganic particles from the watershed vary more in response to hydrological events such as storms and snow melt. TSS is a parameter that directly relates to land uses in the watershed. Watershed development and poor land use practices cause increased erosion, transfer more organic matter and nutrients into the lake, all of which positively affect the concentration of the TSS, a phenomenon observed worldwide (Lenhart et al. 2010 ). Furthermore, a high TSS adds costs to the treatment of the water to be used as drinking water since the turbidity must be fully eliminated prior to disinfection and use.
A linear relationship between turbidity and TSS has been repeatedly described (Gippel 1995; Lenhart et al. 2010) ; with varying slopes between different aquatic systems. On one side, readings differ between instruments as well as between rivers with slopes between 1.01 and 2.06 for different creeks in Wisconsin (Fink 2005; Randerson et al. 2005 ) and 0.58 and 2.94 in California (Lewis et al. 2002) .
Also in Bovilla, TSS concentrations follow the rise and fall of the rain events, but as soil saturation and erosive processes vary with continuing rainfall, a distinct hysteresis results between TSS and the bimonthly sum of the precipitation (Fig. 9) .
Production limiting factors and lake biology
Phosphorus is proposed as the limiting nutrient for many mesotrophic and oligotrophic lakes. In the epilimnic layer of these lakes, its concentration is in general near the detection limit during the stagnation period whereas the inorganic nitrogen (sum of nitrate, nitrite and ammonium) remains e.g. in Lake Zürich above 200 μg L −1 (Gammeter et al. 1997) . In Bovilla Lake, the phosphorus concentration (as SRP) never dropped below the detection limit of 1 μg L −1 (Fig. 4a) . The single peak in September 2006 which is also seen in the ammonia might be due to a local weather event. Nutrients are often bound to colloids and particles and slowly released to be taken up by the plankton. It is known that the turbid Albanian rivers are heavily loaded with phosphates (e.g. Shkumbini with 30 to 375 μg L −1 , Karamelo and Lazo 2008) ; this leads to phosphate concentrations in the sediment of Bovilla Lake of up to 450 μg g −1 d.w. (Vallja et al. 2008) . That the particulate fraction is a reservoir of certain nutrients is furthermore supported by a strong correlation between turbidity and the iron concentration in the water (see supplementary material, Fig. 6 ).
The inorganic nitrogen concentration reached occasionally values below 50 μg L −1 (July/August 2006 and July/August 2007, Fig. 4b ). As discussed by Sterner (2008) nitrogen and phosphorus might have co-limited growth. In nutrient-poor lakes, also light may become limiting (Karlsson et al. 2009 ), especially at the high density of inorganic particles found in Bovilla Lake. Another element regulating growth and population density especially of the diatoms is silicon (Sommer and Stabel 1983) . It is assumed that with the high concentrations of inorganic particles and colloids which are replenished continuously with every rainfall in the catchment, that silicon is not limiting the development of Cyclotella in Bovilla Lake.
The dominating plankton species, C. commensis, peaked during summer 2006 and 2007 concerning cell numbers and biovolumina, but starting with July 2007 and in 2008, the larger Cryptophyceae and Dinophyceae measured as biomass were fully outcompeting the small diatoms (Fig. 5) . Pulses originating from the tributaries as a consequence of heavy rain events may have changed growthlimiting factors and disturbed equilibrium conditions (Sommer 1984b) . Most of the time Cyclotella showed two maxima in the depth profiles, one close to the surface, and the other between 10 and 15 m depth, the latter often larger than the first one (Fig. 6 ). Compared to Lake Brienz where a similar Secchi depth of 2 m corresponded to less than 7 m euphotic zone (Finger et al. 2007) , the algal population at 10 to 15 m in Bovilla would not be able to grow. It is assumed that Cyclotella sp. located below 10 m is slowly passively sinking out of the productive layer. However, it must be kept in mind that small diatoms have a very low light compensation point in many environments and a high efficiency for growth under low irradiation conditions (Ikeya et al. 2000; McMinn et al. 2000; Hawes and Schwarz 1999; Popovich and Gayoso 1999; Geider et al. 1986) .
The plankton composition during 2001 and 2002 did not differ greatly from the period 2006 to 2008, with the dominating C. commensis and low cell numbers in winter (Fig. 5 and supplementary  material, Fig. 3 ). This contrasts to the early single sample of 1998 consisting of a large biomass of pennate diatoms and Dinophyceae, but lacking centric diatoms. Now after 10 years since the impoundment of the lake, we see a repeating annual cycle with the appearance of the dominant C. commensis in spring, staying with high numbers usually until the begin of the fall circulation. Still, it seems that a biological equilibrium has not been reached so far. Interferences by high water (disturbant hypothesis) and the low nutrient level should slow down the massive development of single species and rather stimulate algal biodiversity. On the other hand, turbulences in water with a high content of particles will create shearing forces, destroying fragile cells lacking sturdy envelopes and thus give diatoms a higher chance for survival. Occasional strong rain events, which may even force the lake management to massively dispose excess water as in April 2006, will lower the stability and delay the process towards a stable state. The low biomass observed in May 2006 may just be the results of a temporarily shortened residence time. Such weather-dependent disturbances are also observed in many seemingly stable aquatic systems.
Biological spring events with a peak biomass of Cyclotella sp. have been increasingly observed in many freshwater habitats in the Northern hemisphere. They cannot be explained with rising eutrophication but rather by climatic warming (Rühland et al. 2008; Thackeray et al. 2008) . The situation of Bovilla Reservoir in these days with a low plankton biodiversity may present the final state to which lakes will arrive with continuing global warming.
In temperate holomictic lakes r-strategist, often small diatoms develop regularly in spring with increasing light intensities and at the expense of the accumulated nutrients after the winter period. This is usually followed by a clear water period and later by larger plankton cells growing slowly as K-strategists. This was not the case in Bovilla Reservoir. C. commensis was dominating with about 1000 cells mL Increase or dominance in small cell diatoms is often observed in lakes with increasing thermal stability and/or reduced transparency. During a long stratification nutrient supply from the hypolimnion is limited, a situation favoring cells with a high surface to volume ratio. Furthermore, a small cell size diminishes the sinking velocity, an important property in turbid water with a production layer limited in size. Large algae may rapidly sediment out of the layer in which photosynthesis is possible while small diatoms profit from a robust shell, a high surface to volume ratio, low light adaptation and a low sinking speed. Such trends could be verified in Lake Tahoe (Winder et al. 2009 ). In Bovilla Lake the density stability during summer stratification becomes occasionally disturbed by the massive water inflow by the tributaries after strong rain events (Fig. 8) , at least locally.
Periods of strong smell in the water occurred in both winters from November to March. These are the time spans of heavy rainfall and elevated turbidity. At the same time, both phosphorus and iron were present in higher concentrations, for P about a doubling, for Fe a four-time increase. A preliminary analysis of the volatile compounds extracted from the water indicated a sum of terpenes, but neither geosmin nor 4-methyl-borneol, the well-known smelling compounds in lake water were detected (Cullaj and Bachofen 2009 ).
Conclusions
The limnology of the Bovilla Reservoir has been studied bimonthly for 2 years to ascertain the quality of the water for its use as drinking water. The lake stratifies in summer and is fully mixed in winter. The watershed area has little direct effect on water quality; the steep shore area is of little influence on the water body. The residence time of around 1 year leads to a relatively stable chemistry and biology of the water. Pulselike precipitation events result in strong erosion and the tributaries bring large masses of particles and colloids into the lake. These particles carry adsorbed nutrients and limit light penetration into the epilimnion, resulting in biomass production controlled by light. Although the lake acts as a sediment trap, the particle concentration at the WTP needs a special filtration for drinking water quality.
